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0 io 18-30 il ooenuoitmfmfitiiiliinoi 15 i) mn'i noiJOTOd'iifiniioitminnmi 

q q 

fiomnuin oimtoiIiooiibrniiooflOHOfloi 27-36 % momounimau^nuoivmmn'Mwoo 

qj q 

a> i , a) 

^iinu^iuminumowifrviiliiitoi^olioo'nw^'umopm'imuTO obtinisotiwoomumm 

qj 

i a* 

In i=i i ay o Cl 37=^ =s ay o' *il . 37 37 a/ ay 111 37. 61 37 

mjjwooofi'iiimiiioofl uosminn mnuwoofmiTiinn'V'iii (nmnooi 01 4i wn wo m) bnjimni 

a) 1 1 111 

nitmoliTiioooi mooooiibtlioiinnliooiibmiiooflo'i lniluifDfloio'oi^'iiion^'viiliimo 

qj 

Iim^iiifboinliiofloiiii'i'b (Toon miloi'iio. 2552) 

iiioimnolrtiii inwiiiiiitifloiloinismnmomiosiniiflflliJtifioiSdij iiiTTifmTDd 

qj qj 

fHiidfiomiiosiiiiiifmfliibtniiioio'oimmino'iiyi “mlomjimooraoulmjionloo wnmo 

tt q q 

q =1 ay |=i 37 1 111 37d i =1 ay q d I d 111 37 

mimoi tioswrimoinTiJo oonbrnnimo momiiifioinob’Dinitij wn miuoi o"itibifmin m 

qj 

i a) a/ 

| i =1 111 37=1 ay ay . => . 

inoooio'iimoiloooiifioiiioijooniji mo -n niuu” (otusniiumigmnTmjojiiou. 2552) 

oimilnoo'TuuimjoninmisijotuiJisIoiimm'i oiiilitoitnifmotiiio'lijo'njfiiii 

q q 

o'limoullfioi'womiooo'nuo'iu 0 tu o mi uni noi ibotloifrulifi uoso'iimoimmloij 

q 

■ a) 

OTiniliiniiwiliomo'ii'ioliimiinyilio (ifioi oioiilio nothin. 2547 :2) 

ijawwnijfaicianienfniinvi 

q q 

monoiioitfiinooomliotnoiiliiiiij mnoonuii o'OTmjoio'iinooowmomi 

|=1 I lil I ^ i o=l o' 61 of ay ay Ifl S7=» =1 1 ay I 

nJoouimoi mmnowonisiiijooniioiiiiiiiijoiijiiyo luilDDinimumisi mou'vmoiinii'n 

q q 

oumo iinto oimmiluiiu uosuioh itoniliiiiy oniimobiiltidifminnniinisirhijoiijiiyo’ 

q tt q 

1111104 (mniifmjliioifTHiiJioi'iini. 2553) 

yiq^lnidimoflifroiisosifmi'nm 

il o I ay q- a-*=* =1 

o'liiibsnoiiiiosinii'vniitiooiiooliiijoijoiinlijiono 

q 

oifnJisooiiuoiiiioo louti inmooo' Choolooor loiurnu IhIhhoio'iiij 
I 0 ulon 0 imjruiofimj IiIuIuij 0001100 urno nil lolulun infbloo 1uTvifi0iim7O noio'oo 

qj 

inimlloo lulnoinioo©!! lulnuoo Nll4i1^00^ll0Sl00mlt1^00“ , o"i nil is 00 01104 mo o’ 

q 

imosoonniisIjidiniiosniTifumnonnnliJ mi lulnooumio (Mitochondria) 00 11004 
tfiiinoiiiun^iiimo iil 0 ii 0040 'ii 4 i A i 04 4101104 moo looniinioliiisoiiiiioo^lnigiini 
inintmnnlniiiiosniio'ionoomonoioniinlo'ii (wmif 00J01 uosnais. 2553) 

M0100§Tll3J (Peroxisome) 010 1wl071J0O (Microbodies) lll0001U0l0001J010l00 

moluilisfiduoio mnlunVmiontio fiSmiifitfio'iu Innisninmithoinooo'himi 

tt 

111 ay =1 a/ 111 o' d I 111 ^ 111 o' 

010 lU00 100100H lH0?S004100 IH0H0 0S0SlO0f (Catalase) 3J1O0O la10111)0100100 lH0 

^coi=si o' q 3 ^ coi o =s o in 37=1 

(hydrogen peroxide) 1141111111110011100 100010100 1,0100001 M0100HIH0 1)511114111 100 
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I0ij030ni3i3j0il00l3j 6 u04l 6 ij3j0 uasmEnnufmfiiflVitni'wu raw 1001000 (Ethanol) (308100 
tniTUfmjmi. 2553 ) 

q z=j *=a cd i^=S<^ . *=i o/«=s <=s | <=S 

I 01000 I00 , imn0i30n3i m I 01000 (Biomolecule) jjmjimmfrmm 013001 00 
01110100100018108001030110300 l 00 S 00 i 8 riMis 00 i 4 iiasvmQifniwtmnitilufm 

3/ 1 

8in0 6 U0lf3l3J1000014 "1 mi I00401in000uaisl0340f314 (Structure) U0sl0343ll 
(Conformation) 6 U04lbl3J1000 (8§0 l00fhJ340. 2535 : 25) 

of a/ ci ci l ^ V ^ IT 

BBBaiiwaraiAmflalmiflmiiiasmiiiiJijailJiiana 

<U q 

i004 t Di0l0340'3i43S000 , 04 3 S 0 iia'iu iiasismja'njoilnlajiaoa 8113400100008 

q 

3) i 

thmij 3 hm 00 miBslaWiuu missilsTpiiTvIfin uasmifisleeowo flimiitalaein n 88 

3) i i 

BviivmflomiBSjmaiCi 0 , 0 jj8n000013i800iiii804 6 u0410340'3141jji 000 uaslima^tfilii 

i q 

i i 3) 3/ 

l 0343 ilnJ 00 iniila 4 liJ 070 83308010011001111! I0110 031011111030014 iBuioimaouilmli 


uaseamau 

q qj 


1. 03i0i8ii0300i4 i; u04iii Tnluianaehi <n 81111811011130000 ^ihemiSlfhpiDs 
03B0aj03iaji8ii0300i4 i; u04iiil0i8imai4 00 8 pH adibssuioi 7 . 0 - 7.2 83S3 6 U04080ii 0 

q jr qj q qj 1 

^3 rf 3/1 3/ ^ 

W00nu00iuduni003^0mi 10083181103011118 pH0'i5ii83S30303S0004 uasaiS pH 

qj I qj q r 

000l83S33S000imi0Il 

q 

2. iBinounaouilinli iBinoitmasaiamaouilwiIiTVi mtnn 0°i0il000i!0 (ionic 
strength) 0°i0il000ii0 6 U04i0008883S33Ji003 , i0ii4 3S0'403i0°i0il000ii0 6 U04i0008883S3 
18110114 0 i 0 °i 0 il 000 {i 00 ' 403 sS 0 iii 5 iAi 0 iJi 0 011111 fli 87 nflfi 80 i 303 iJ 0 iJ 7 ni 0 nj 04 i 000 ii 3 

qj q 

ii0S03i0iwTOij040030S0i00i0liii c tf00’3i00i30000iKiii818Si000ii3asai0l830ii iw 
10U"klj 030 DNA 111131 rawl^JJ 010 DNA 3S10'0l0340'314 001300 l00lwDsl8Sl0340r314 
3 S 0 ii 0 f 04 iias 3 S 0 iia'i 0 00 i 0 i 80 l 00 i 88 l 00 , 88 l 03 i 0 ' 3 iil 338 Iias 8 i 0 iii 8 i 8 ii 07 i 34 l 8 l 0 

qj 

1ii03fuu0i dna I03i0f3i4i000303sii0003000in00ii 001018010340311133811811003011 

qj qj 

3. 001000 0tU00880BB0000l0340'3141J04f 3llll0000014JJ10 M31S013l000Ill03lll 

q qj q qj q 

i , 21 31 i 

78 6 u0imi0000l0l038 6 u0im3000S5m00 6 u0iiniBS5 i DS5m0TO 040011310010803011 0 1150 

qj q qj 1 

8llBs1<3l031311 8'0Bs1&l03l80n800?f300 , 14 «1 1104101000011)18010130010010 
0i3i8800u80iDinm3000sm00ii0sm30ij0l0 11180001010340311011 «i 0 , 0i0030i 
0010l8lll0340'31ll338 

qj 

3inni30n0i003il0t000l0d0 , 303Jin t Dsi0'00'0i , v'il0340'3i4 1800 ^ 100:804031 

q w q qj qj 

/=s <?• %/<=* A 1111 sjA cy o i 

50 lias lumnfiuQejvwfmfi^tTinnQtJ rnsmurmpm n 

q qj q 1 
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qj ^ d In 92cd cd d d cd cdi 

‘"u^ntmunmflnjij dflimfliiflmvmu 37 oifninmnoa' 

q q qj 


. ...oamnmmiimfnd 

q q qj 


•y 

Ififufliifliuflulflodluimu 

q qj 

3 / i i 

{taflEJYN 3 iiCmiindiiuiuoiiiimeioIfliiaiiiuasIfliiiiJnjoifilumna firnimj 

qj q 

i 3 / 3/ i 

iiuNaflowuifumsniiihiiunmfilumnmwa^mj aiiftiflmwaiihiJaouuiJawilinflS'niJ 

q qj 

i ^ v 3/ ^ 

UfldfllldmdflOUUltalllJ fllumnanilSihlluluflUlfinJOIflUmilu'lfl mnOflfl'midll 

q 

truivilf EJBinJ^IW (Denatured state) UflStf mmiuimilumtlfllllimulfl mtlOflllfl'mil 
BHUHIfl (Native state) ftllJuaifl0tfmimiU9n0nj04§lIumnai)SuIfl14ai141S0iimi4 <=) 

*8 o Cl 92cd I o o qj «r i III Id*? I o <31 d d d d 

914111 lmi lfli4iimimmflmms mom mu lfli4iimiins mniamfnum'dEiimnfi usu 

qj qj 

Ifliifl'iiilinl ulfliiiiJIulduouiiiiiufliuwuiiilulfl (wwi lemlnnifl. 2535 :38-41) 

qj qj v q ' 

I <y ^ osd 

■ssm'uibsjfrmQeimuei 

| qj ojd lf| 3^ 92 <? q; d o' qj d d <4 1 

isindismnoei luuet mfinflunumo unnioimflflitffliuasufmiiiiidi miiii 

qj 

fliaemiaii 130-200 §0 mmu filfloniimfliinjoiwuuasim^uiJistfiimuoi 6 mu uas 

qj 

<31 d | ^ qj d d lf| tyd d qj I a/ ^ ojd | <=s 

lull 1664 Itiuaiarm IflflnuimenfiiissmiJibsiflnimfl luuei isuma^iJisa'iiMimimeifl 

i . 3/i 

d o 6} 9J d 92 92 92 G1 a/ <31 i d qj i qj d oud d 

914111 mmflfliiufliivmumsflnum bfli4 mfljmtnmissmijibsitnimfl mum miflnm 

o 

i 3/ 9/ 

cd qj I qj ojd d qj G1 of a/ cd 92 <*y d qj d 

mtnnmsiJiiilisiimi09i mu9un0inmiufiluiI i o t oinju 6 U0U0inifli i uinnmi0nyi 6 u04 emmaa. 

q qj *3 qj 

10H1100100 (ll 1847-1914) flflS 110141! ‘UTV'10111 1104100 (ll 1852-1925) umuwTJiioiaoifluijtei 

d d d qj | qj ^ ojd 92 o d 3* qj i | 

‘W4ffnuiTDa5smuussj?T'm0fl luim iiasflimimiiiimiJiiemnnimi! istnmsimilismiii 
§1111111100 ll0nSflfllll£0111imi§Uinill00 (Ackerknecht. 1974 : 623-624) 

idaflii 00 mi00ijm404um0 c Bmimiiu (stereotype) im074iiufliiflismj 100111111 
111 101 (Subconscious) imS01imu1u"1,0 (Involuntaly) flllim00fl0U04i)S0OlU00101Jimiai 

3/ Cs o' 

onmsi0U (Local response) nnji0fni00iiau04?u0o , fTii0num4 6 U040ifiis;0u inland 

qj q v ST J qj q 

Co i ' d d 

^oumjoiiiiuinfiouuauoiDsufmiiiiiiufmnisi^um^?!! imismufljimoismjdilillu'fli 

qj q t» ti q 

QJ %) d QJ lf| I d d o' QJ (31 W ll| O' QJ d 3J 

0'3J041S01170'001 1110411104014004011 Imspiu lnj0l4Ti04Til001l40U04 010 Cerebral cortex 

qj qj 

ld00§li00Sia!0U14i)ldlS0111ld00§ (Reflex arc) llU1114l0UlllS011111llimfll4 Reflex arc 
m0i4iiiilis0iiiiiila09i 00iii4i0uilis0iiiisflii4i)00is0U0iJ0i0isii00ii0i4041mm 

q q 

<M Co cd (/ ' * ' 

001111140 Flexor (Withdrawal) reflex ll1u1hd00§fim0lU0U0101S0U0U0110U101S0UfipnfntJ 
lh1tTl00ld00§000?bunJ04h4010flll000in00101S0U0U0110m4 1100 Withdrawal reflex 

q 

d | cd o' cdi o ^y qj d | cd o' qj i $Jd qj 

imafiiimufniinmimuflumioiDni 1105101100110140411^0091040400 11011011001100 

qj 

lil qj qj 92 qj 8) 3 Jd | . cdi dd d i < cd qj 

lnmim0400n t Dinfmm'U04 0111111011111001110 (Pain) 1111400151001411401011110140110 

c9 d I cdi ^cd 92(0/1 Cd O QJ I d QJ 92 <31 92 ^ cd| d i 

111041105100111111400151104014114010110100)001411144 010151014 1 111000111115111110 norm 
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Nociceptive stimuli §loiiiiluminismuSifra 0110100 070tf17l00fll0 0177070110 

1 q qj 

110lll00040100 Sensory receptor TlilJ 14 Naked nerve ending 914011170000001400411 

Co 111 2 ^ 

Nociceptor fl m 

£ 3 J Ji di 3 J Jl di 

I000fli0i00000i0i0i00 l lilii00i70000°ifl40i0i00 6 u0ifl 07000101001101000 
0110041511000101711000010100 110001 Muscle pain ii0Tii00ii000i7fl4i04tn7ifl0fii7000i 
“P factor” §40111ll0 K lll511fl00 Il]00fll00ll110001017l00lll0 l l0 010111101)1015111110100 

q q 

c£ . SJ £ t=i c\ y y M ^ Jl A £ o q 3 JSJ*S i 

(Spasm) njQ^mnumo uwa mnaiumonii^mo^uimej^uinej^niy m Imflnibfluin 

94 

10I1J00 (mjfmiai 000001010 1105110100 0100110. 2552 :882-884) 
0110001)00104111)001104751 imilisraifliiioio 

(1) 7ll)001104lltf0004li0 o ll0l0001700l0741040fliaJll40 (Muscle spasm) 

(2) 051011 (Cramp) 11)001700107410400101140171015111 1401100001111111100110 
0110017000110400iaJl14011001liS Metabolic end product HfillflUld 1100170001100 EMG 

00^110004041103017151010100400001111140 liu 0110101410 11010001,1)1004 01000101140 

o l/l I o q 9 ^ ^ Col I qj 9 J<=$ I I 

411411411101014 lllvn mi0001Ull11lll70 'H703J07S;iraiJlS;tnYI71J0n3Jltra00140'U 0'4110 

qj 
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34 94 


QJ QJ 3 J <=& QJ ^ QJ 1(1 |<=S d 

0171l0111J7?f0014l01J1414in0114 I1J00 0 Positive feedback 


-=> <=9 o a il <a 


017000110074110 


D007S041000S;071U040010100U0 

^=S I Co O' 


71l)0011041511Jllll751tn000l0ll4S0 (Spinal autonomic reflex) 

Co Co ^ 

SlbsraillOoT^IuSoilJtJ Motor pathway 00" Effector organs ll)l40011H140l701J 

3J J{ ii ii 

001010001110051000014 n 0100141110 

1. 0011llJ00001104011004U04N0400001000 (Vascular tone) §411)14(1011001111 


7000700110100 


2. 0110041040 (Sweating) nnmi0mim007107000N700407l7ail007l7ai004 
104714010 

3. Ii4l0n§0inoi 6 u040°il0 ; ii0sii 51000110 1 (Intestino-intestinal reflex) 001000 
0010014001001U04ni5imiS10 o ll0 ; 


4. 7iil0n§0i4m0 


5. 71l)00§11100101l017ilJ000 (Evacuation reflex) m001711jril001117S;il0S 


if trails) 




(7107 0'00714 11051175110 0f4Vil401J. 2550 : 118-119) 
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q £=J/=S^£*1 H4 Hi|/=i 3J<=S I H4 I Co *=s *=s *=s ^=s a/ 

1,0010101001001)101000 miaonsjifloiJ^Yimoiooooiiimii 01011110000111)01 

qj 

I 00 i 000 § 00 i 00 isiji 0 'l 0 iii 0 i 0 

i 3/ 

q^ricdcs co 3^ ^y s oq 3 /<=S Co i in 3 J 

mOlfllVWOUVmmilUOIOd^mO (Muscle spasm) 011)111 100011110010 10101111 

m 0 iDinijmi'Hf)^'i 6 u 0 in 0 i 3 jm 0 liJnfm 00 fU 00 p)] t un 0 ijjm 0 tfilmJl 0 iaim 00 liJia 0 i 0 ai 0 

JJ ^ ^ ^ SJ Ji SJ ^ ^ 

i0000ai0i0ims0ii000im000nu0ii00i00Bf 01)010010100 011,01000111)10100001 


1001 (Ischemia) U100001)110 00110S00 Acid metabolites 011 ^ 11111 010110000 odlllll 

3» i ai 

11010010 0001100O10 Bradykinin 110" Polypeptides 00 1 l001J0n000^10^0^0l c 1100 , 
0010l00B°ll0lll0l0010 (1101 000111 U0S11S110 010000. 2550 : 209) 


11100000000 

41 1 


i i 3/ 

1S00000000 001001 00100111010001100100101000010011 0 0100?0l0 

qj q 1 

^ i ^ ^ a» 

111010 fll010l00O , l0im0l1o011000l010O1 (Immunology) §ll0000000lll0011ll10 

i i 31 

100 1001110 1101001 l0ll 1796 fl00001U0S10000i0l0tl0100l 6 U0100 Il01100000lll0 
I 0 II 000 I 00 H 000 II 0001110"11^01001001S000000001)01111010 110"10^000010010 

q qj q 

(Edward Jenner Museum. 2010) 

1"00000000 Ulil00l00001ll0 2 1100 00 00l0011000 ; il000l01imiSl (Non- 

qj q qj x 

specific defensive mechanism) U0"00l0011000 ; tl00 , O1l01" (Specific defensive mechanism) 

100 I 000 UH 00100 JI 0 KI 00000000 lll£00001O a0lvll c tf«n W010f01l o ])0a 

t» qj q 

<=sq'<=^|^=yq'*=s<f*=s| q- <=i| q- q- in o' 1 o' J , qj qj qj^ 

01 10100 0101)1000 101H00 I 0 I 0 lH0 0ll01011 ID00010'0 (011)0 010100000 U0S) 
1001 001001. 2527 : 261-270) 

/=4 cf d 9 J eA a/ Col <=^ Co <=^ 3 J cS ci qjcs, 1 qj 

000TA|0l000'V10001S001S)0011ll0001lll0D0l00D0000 D100tU0'000011 0 00 

qj q q 1 

01l501slll01S001H00 y i00l0'H0U11 flf(Mast cell) f 11S0O011011001O010O100 
0l1l111100010000101101100O00100 (Histamine) 000010N00l1l1l000111J010011J01l$0 
1000 1 J 0 O (Capillary vessel) 11011011 , 1ll0U01100100o'l0t$0l000ll00t0000000001000 
10^01000 0l1l1100011010110111001110001100100 (Inflammation) 011U01001U01l$0l000 

3J 1 

0ilii0iim0m000l00i0W 0W00iliii)0iiii00mTil0000l0dl000l00il0ifl00000i 

ti 

’o' 31 I ^ %l %) c^ 

01101l1IU00100010^m01 (Diapedesis) 00011000000000001000 , U000100 §0100 ^ 
U010000010000U0001011D0 00010000 100110100 I 001 I 0100 00l0 ll)0 (Lymphocyte) 
U 0 SI 0 I 0 ID 0 (Monocyte) lllll0l00l000D110l0001101D0000000l00l00 lfi000 

v J ' q q q q 

31 3 1 1 

10001O y 01S)0000000l0O0ll0l9l0011D001^00000l0l0O11O 01001111)0 if01000100 

q qj qj q 

0lll1l00lJ00010 (Streptococcus pneumoniae) 0 T 00101 IS) (Capsule) 1101S)000101ol0ilO 110 
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0iiil0nif0ii0i0iisn0i)£000i0i00i700i40i4 %40n s onnT4 s o3x4Ti%mjn^ G »'Spi ; nti'nun?m ! o‘5fiJii,?i£: 

q I q tl 

, 3/ 32 

I a/ G1 Co ^ *=s 1/| 92 ' 41 ay ^ 4? o ^=v=S d 

uu407 mm pi lavmnm lei mi mnrn I70 1147001110017111010 InoiBii 

*=d *=d 92 Jl *k a a a/ 

lurnrn^ n407l7i0i04ii£in0i000 6 U04liJi0iin40'i0i707m0n 

q 

]0i000U7i7iuiO0ii0in00^047i40i0ii0s?b0n04ii0ii0U000icm0iim0n0 Q '7l7i0'tiAi0 

q q 

i v 

n0n7i40i7^n00n0407 v b70fitas7i40i0 ninilninoliial^^iinimioisinolnlno 
1101101100 IgA ii0U0U00iisn o iniiifin0n7i40i7^n00n04l770fii0S7i40i0 am igG 110s igM 

i i> 

ll000U00lbo0410'70 6 im7110171'lll0lnl0n0' (Phagocytosis) OlllhlllTU IgM 110110110004 
niliiifluSufbun04l7fawi77wmi 001T4 IgG uas IgM ^nistnifinimmimn molii Cb3 

i i ai 

I ^ 11 ^ 11 9A=S^ . i |41 

a'lminiimjimmiivn m In Inna 10004ml (Mediate opsonisation) imsooon'nioiimoon^ 
IlfnleidmilTUmi muiimj 1101111110 001111100 (Membrane-attack complex) (Rao. 2006) 

Ij0i7iiii4niiiiiiiii0'0 4000isin , i4in000i4 ^ imsmoiinneioiJisjaiim'ul'u 

•n 

0110100 w0^7lllj407ll0S0^7ll7lJ0'0^11ln00° ,6 u04ll00£01£00 6 u04ln00 , 07111001101000111007111 

q qj 

3/ 31 

Ul 92 ay ay I III Id, a/ ay a*=s ^=S . 

lemmonmeiow 0400 mu (uino uiei^nnuiiei uasina U4iuinj. 2527 :338-341) 

<s t± Jl J& 

l. 07iiJN0il00ni4imfi0i007n700i7ii0mim0i00ismn0iJ0ijmi ihln inn^on a 


uuBfnnei7nivifimfi4nCn3jnu'vf4Viueml0ui4?rQu mannn^aiiamifiaianiaimimnn'© 

q qj q qj q 

ilisaumu 00im°i1ii0i700umi047Ji0a'iJ7700iii1iJ vilonneinnlnmifnimunivmismj 

q 

2. ©luSifuifomoimo inn loin in 4 nun mamjminniiilM H700fi7i0ijiji400 , i4 

o q 92 o' « 31 a/ 41 0*44 92 III i o' o q 92 ' 

ni minnanjO'nsuumjmjmjmoinnnouvmeimjmnna l 00 i 707 imiJ 7 s;vm 4 inaa m Ihuin 

qj q q q 

maainomulil mriovioiBafliiiiilimsm 

3. oiDjjtmmJnmJnowmin luaowmsfialnmnniiiJiilaoiiiii^ 1ul0747ilaiiieiij 

qj 

njo^ii^mo Imiimonfiinfinunueiom? 

qj q 

4. 0iDjjiJ i o t D'o‘n o i1iim7 6 u047i4mo n4i77uen0o'1unmmj4n1iJuu3JiIn7'diD Hi© 

qj 
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